We report the first observation of e + e − → Υ(1S)π + π − , Υ(2S)π + π − , and first evidence for e + e − → Υ(3S)π + π − , Υ(1S)K + K − , near the peak of the Υ(5S) resonance at √ s ∼ 10.87 GeV. The results are based on a data sample of 21.7 fb Heavy quarkonia provide a unique nonrelativistic system in which low energy QCD may be illuminated through their energy levels, widths, and transition amplitudes. Dipion transitions between ψ and Υ levels below the open flavor thresholds have been successfully described in terms of multipole moments of the QCD field [1] . The first measurements above the open beauty threshold, namely of Υ(4S) → Υ(1S)π + π − [2, 3, 4] , are consistent with this picture [5] . (The Υ(4S) is the third radial excitation of the J P C = 1 −− state Υ(1S).)
The spectroscopy above open flavor threshold is complex, however, as there is no positronium analogue. The recent discovery of a broad 1 −− state, the Y (4260), decaying with an unexpectedly large partial width to J/ψπ + π − [6] , has brought new challenges to the interpretation of its composition, with "hybrid" ccg (where g is a gluon) and ccqq (whereis a color-octet light quark pair) four quark state as possibilities. The observation of a bottomonium counterpart to Y (4260), which we shall refer to as Y b [7] , could shed further light on the structure of such particles. The expected mass is above the Υ(4S). It has been suggested that a Y b with lower mass can be searched for by radiative return from the Υ(5S), and one with higher mass through an anomalous rate of Υ(nS)ππ events [7] ; scaling from Υ(4S) → Υ(1S)ππ, one expects Υ(5S) → Υ(1S)ππ to have branching fraction ∼ 10 −5 .
Here we report the first observation of Υ(1S)π + π − and Υ(2S)π + π − final states, as well as evidence for Υ(3S)π + π − and Υ(1S)K + K − in a 21.7 fb −1 data sample collected near the peak of the Υ(5S) resonance with the Belle detector at the KEKB e + e − energy-asymmetric collider [8] . The rates for Υ(1S)π + π − and Υ(2S)π + π − are much larger than the expectations from scaling the comparable Υ(4S) decays to the Υ(5S). Since only one center-of-mass (CM) energy is used, one does not know whether these enhancements are an effect of the Υ(5S) itself, or due to a nearby or overlapping "Y b " state. Throughout this Letter, we shall therefore use the notation Υ(10860) instead of Υ(5S).
The Belle detector is a large-solid-angle magnetic spectrometer, which consists of a silicon vertex detector (SVD), a central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a superconducting solenoid that provides a 1.5 T magnetic field. An iron flux-return located outside the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The detector is described in detail elsewhere [9] .
The Υ(10860) → Υ(nS)π + π − and Υ(1S)K + K − final states are reconstructed using Υ(nS) → µ + µ − decays. Events with exactly four well-constrained charged tracks and zero net charge are selected. Muon candidates are required to have hits in the KLM detector associated with the extrapolated trajectory of the charged track. Two muons with opposite charge are selected to form a Υ(nS) candidate. The two remaining tracks are treated as pion or kaon candidates. To suppress the background from µ + µ − γ → µ + µ − e + e − with photon conversion, pion candidates with positive electron identification are rejected. Electron identification is based on associating the ECL shower energy to the track momentum, dE/dx from CDC, and the ACC response. Kaon candidates are required to have a kaon likelihood, estimated with information from the ACC, TOF, and dE/dx from the CDC, greater than 0.1. This requirement has an efficiency of 98.2%. The cosine of the opening angle between the π + and π − (K + and K − ) momenta in the laboratory frame is required to be less than 0.95. The trigger efficiency is found to be very close to 100% for these final states. To reject (radiative) Bhabha and µ-pair backgrounds, the data are required to satisfy either θ max < 175
• , or 2 GeV < E ECL < 10 GeV, where θ max is the maximum opening angle between any charged tracks in the CM frame, and E ECL is the sum of the ECL clusters' energy. The signal candidates are identified using the kinematic variable ∆M , defined as the difference between
, since a single CM energy is used. Figure 1 shows the two-dimensional scatter plot of M (µ + µ − ) vs. ∆M for the data. Clear enhancements are observed, especially for Υ(10860) 
is the same as for the Υ(1S)π + π − mode. The oblique fitting regions are selected so that the background shape is monotonic along each band. The background distributions are verified using the off-resonance sample (recorded at √ s ∼ 10.52 GeV) [4] . The ∆M distributions for the 
where N s (N b ) denotes the yield for signal (background), and P s (P b ) is the signal (background) probability density function (PDF). The signal is described by a sum of two Gaussians while the background is approximated by a linear function. The tail part of the signal PDF is parameterized by a broad Gaussian, whose width and frac- Fig. 1(a) 
, and the cosine of the helicity angle, cos θ Hel , can be examined in detail. The helicity angle, θ Hel , is the angle between the π − and Υ(10860) momenta in the π + π − rest frame. Figure 4 shows the Υ(10860) yields as functions of M (π + π − ) and cos θ Hel , which are extracted using ML fits to ∆M in bins of M (π + π − ) or cos θ Hel . The shaded histograms in the figure are the distributions from MC simulations using the model of Ref. [1] , while the open histograms show a generic phase space model. As neither model agrees well with the observed distributions and the efficiencies are sensitive to both variables, the reconstruction efficiencies for Υ(10860) → Υ(1S)π + π − and Υ(2S)π + π − are obtained using MC samples reweighted according to the measured M (π + π − ) and cos θ Hel spectra. Due to limited statistics, we estimate the reconstruction efficiencies for Υ(10860) → Υ(3S)π + π − and Υ(1S)K + K − modes using the model of Ref. [1] . Comparison of the M (π + π − ) distribution obtained here with other Υ(nS) → Υ(mS)π + π − (m < n) decays could be important for the theoretical interpretation of the results [1, 5] . Assuming that signal events come only from the Υ(5S) resonance, the corresponding branching fractions and partial widths can be extracted using ratios to the Υ(5S) cross section at √ s ∼ 10.87 GeV, 0.302 ± 0.015 nb [11] . The results, including the observed cross sections, are given in Table I . The values include the world average branching fractions for Υ(nS) → µ + µ − decays, and the total width of the Υ(5S) [10] . The measured partial widths, of order 0.6-0. (Table II) . The systematic uncertainties for the cross sections are dominated by the Υ(nS) → µ + µ − branching frac- 25 1.3 1.35 1.4 1.45 1 25 1.3 1.35 1.4 1.45 1 tions, MC reconstruction efficiencies, and PDF parameterization for the fits. Uncertainties of 2.0%, 8.8%, and 9.6% for the Υ(1S), Υ(2S), and Υ(3S) → µ + µ − branching fractions are included, respectively. For the Υ(1S)π + π − and Υ(2S)π + π − modes, the reconstruction efficiencies are obtained from MC simulations using the observed M (π + π − ) and cos θ Hel distributions as inputs. The uncertainties associated with these distributions give rise to 4.4% and 6.8% errors for the Υ(1S)π + π − and Υ(2S)π + π − MC efficiencies, respectively. For the other two channels, we try as input the models of Ref. [1] and phase space model; the corresponding variations in acceptance are included as systematic uncertainties. A relatively large uncertainty of 13.6% arises for the Υ(10860) → Υ(1S)K + K − channel, while the corre- sponding error for Υ(10860) → Υ(3S)π + π − is small (3.2%) due to the limited phase space. The uncertainties from PDF parameterization are obtained either by replacing the signal PDF with a sum of three Gaussians, or by replacing the background PDF with a second-order polynomial. The differences between the fit results obtained with alternative PDFs and the nominal results are taken as the systematic uncertainty. The selection criteria for rejecting radiative Bhabha and µ-pair events are examined using the data [12] collected at the Υ(3S) resonance. The 1.9% difference between data and MC efficiencies for Υ(3S) → Υ(1S)π + π − decays is included as a systematic uncertainty. Other uncertainties included are: tracking efficiency (1% per charged track), muon identification (0.5% per muon candidate), electron rejection for the charged pions (0.1-0.2% per pion), kaon identification (1.8% per kaon), trigger efficiencies (0.9-4.5%), and KEKB luminosity (1.4%). The uncertainties from all sources are added in quadrature. The total systematic uncertainties are 7.5%, 13.5%, 13.1%, and 15.3% for the Υ(1S)π + π − , Υ(2S)π + π − , Υ(3S)π + π − , and Υ(1S)K + K − channels, respectively. For branching fraction estimation, the error in the Υ(5S) cross section (±0.015 nb) gives a 5.0% uncertainty in signal normalization. For the partial widths, there is an additional uncertainty of 11.8% coming from using the total width of the Υ(5S).
In summary, we report the first observation of e + e − → Υ(1S)π 
